Context Abandonment of extensively managed meadows is an ongoing global challenge in recent decades, particularly in mountain regions, and directly affects plant diversity. However, the extent to which plant diversity further affects associated insect pollinators or herbivores is little investigated. Objectives We focused on the effects of abandonment of mountain meadows on species richness and assemblages of bumblebees, bugs and grasshoppers. Specifically, we investigated the influence of vegetation cover, flower cover, plant richness and surrounding landscape on the three insect groups.
Methods Species richness, abundance and species assemblages of bumblebees, bugs and grasshoppers were surveyed in one Swiss and two Austrian regions: three meadows which had been abandoned for 15-60 years, and three extensively managed meadows (mown once a year, no use of fertilizers). We surveyed bumblebees and bugs by sweep net, and grasshoppers using the time-effective soundscape approach. Results Bumblebee species richness and abundance were significantly higher in managed meadows, whereas bug and grasshopper richness and abundance showed no differences between both management types. Managed and abandoned meadows harboured significantly different species assemblages of bugs and grasshoppers, but not of bumblebees. Increasing flower cover and plant richness increased bumblebee Electronic supplementary material The online version of this article (doi:10.1007/s10980-017-0556-1) contains supplementary material, which is available to authorized users.
Introduction
Grasslands are an integral part of Central European cultural landscapes, and most grassland communities originate from human land use (Moog et al. 2002; Poschlod et al. 2009 ). Human land use is one of the most important determinants of grassland biodiversity (Maurer et al. 2006; Fischer et al. 2008; McGinlay et al. 2017) . In recent decades, especially in European mountain grasslands, two contrasting trends could be observed: management of productive and easily accessible areas has been intensified, whereas areas that do not allow mechanised agricultural techniques have been abandoned (Tasser and Tappeiner 2002; Strijker 2005; Prévosto et al. 2011) . Steep and inaccessible slopes in mountain regions, in particular, are more prone to abandonment (Tasser et al. 2007 ). Mountain meadows were maintained for centuries by local farmers (Tappeiner and Cernusca 1993) . Due to socioeconomic factors, a cessation of grassland management is taking place, especially on grassland with marginal agricultural value (Bohner et al. 2012; Hinojosa et al. 2016 ) such as extensively managed meadows in mountain regions. Changes in agriculture either by intensification or abandonment have resulted in a reduction of semi-natural grasslands in Europe (Baur et al. 2006a; Graf et al. 2014) . After land-use abandonment, succession starts immediately (Tasser and Tappeiner 2002) , leading to shrub encroachment and establishment of woody species in open grassland (Komac et al. 2013; Wiezik et al. 2013) . The process of shrub encroachment depends on several factors such as proximity to forest, altitude and steepness of the slope (Tasser et al. 2007 ). Regular management is important for the maintenance of semi-natural grassland (Fonderflick et al. 2014) .
The aim of this study was to investigate the impact of abandonment on species richness, abundance and species assemblages of bumblebees, heteropteran bugs and grasshoppers within three regions across the Alps by comparing extensive (annually mown, non-fertilized) and abandoned meadows.
Bumblebees were studied because they are important pollinators in many areas (Corbet et al. 1991; Wood et al. 2016) and have been shown to be suitable bioindicators for human impacts at the landscape level (Sepp et al. 2004) . In recent decades, bumblebees are known to be in decline due to e.g. reduction of floral resources or loss of suitable nest sites (Carvell 2002; Nieto et al. 2014) . As bumblebees require unimproved, flower-rich grasslands (Williams 1988) , the loss of flower-rich grasslands and consequent loss of suitable floral resources due to abandonment is assumed to decrease bumblebee species richness and abundance.
Heteropteran bugs were investigated because they are an appropriate indicator for total insect diversity in managed landscapes (Duelli and Obrist 1998) . They are influenced by various vegetation factors (e.g. Frank and Künzle 2006; Zurbrügg and Frank 2006) and might respond differently to changes of microclimatic conditions (Di Giulio et al. 2001 ).
Many grasshopper species, which are important primary and secondary consumers in grasslands (Ingrisch and Köhler 1998) , are tightly bound to their habitat, react very sensitively to environmental changes (Baur et al. 2006b ) and are prone to grassland abandonment Uchida et al. 2016) . They are suitable indicators for land-use change as they show a clear response to succession (Fartmann et al. 2012) .
In the present study, we expected that bumblebees, heteropteran bugs and grasshoppers would show a clear response to abandonment. Therefore, we included factors such as vegetation cover, flower cover, plant richness and surrounding landscape structure (forest cover and open landscape) in the analysis.
We addressed the following hypotheses:
1. There is a significant difference in species richness and species assemblages of bumblebees, heteropteran bugs and grasshoppers between managed and abandoned meadows. 2. There is a specific influence of vegetation cover, flower cover, plant richness and surrounding landscape structure on species richness and abundance of bumblebees, heteropteran bugs and grasshoppers.
Materials and methods

Study regions and sites
The study was conducted in June and August 2015 in three regions across the Austrian and Swiss Alps (Fig. 1) (46°36′N, 10°25′E) . Altogether, we surveyed six semi-dry meadows located on south-facing slopes within each study region, three of them extensively managed and three abandoned. Extensively managed meadows are mown once a year, usually between mid-July and the beginning of August, and receive no fertilizer treatment. Cessation of management in the abandoned meadows occurred at least 15 years ago, with the shortest time since abandonment in the Biosphere Landscape Ecol (2017 Ecol ( ) 32:1937 Ecol ( -1951 Ecol ( 1939 Reserve Val Müstair (15-20 years) There was no significant difference between size of abandoned and managed meadows for each of the three regions (Eisenwurzen: F = 1.832, p = 0.247; Großes Walsertal: F = 3.561, p = 0.132; Val Müstair: F = 1.378, p = 0.306; ANOVA). To assess the influence of the surrounding landscape structure, a circle with a radius of 500 m was drawn around the centre of each study site and the proportion of open landscape (intensive meadows, extensive meadows, pastures) and forest cover (closed forest) was measured in ArcGIS based on existing maps (ArcGIS basemap). Built-up land (single houses, villages, huts) was not considered since it occurred only at the circle margins of one site in the Eisenwurzen region and had a maximum proportion of only 5% within the 500 m radius.
Bumblebee sampling
Species richness and abundance of bumblebees was surveyed once in June and once in August 2015. We observed four 20 m 2 (4 9 5 m squares) study plots within each meadow for 15 min each, and collected and counted every individual bumblebee occurring in these study plots. The first plot was chosen randomly, approximately in the centre of each meadow. Further plots were selected along a straight transect in a standardised manner at distances of 3, 9 and 27 m from the first plot (logarithmic distances). Sampling was carried out during suitable weather conditions (dry vegetation, no more than slight wind, temperature [15°C, sunshine) and between 9 a.m. and 5 p.m. On-site identification of species was performed following the approach proposed by Gokcezade et al. (2015) . To identify bumblebees, single individuals were caught in plastic tubes and fixed at the bottom of the tube with a plastic foam plug. After immobilisation of a bumblebee, identification was conducted using a hand lens (magnification 920). After identification, bumblebees were released on-site. Any individual that could not be identified on-site was killed using acetic ether and stored in previously prepared plastic bags. Additionally, the collected individuals were treated with Thymol (2-isopropyl-5-methylphenol), a fungicide, inhibiting mould formation and infestation of collected bumblebees. Identification of collected bumblebees was subsequently performed in the laboratory using a stereo microscope, with reference to Mauss (1990) . For further analysis, we classified bumblebees as long-tongued species (long-and intermediate longtongued) and short-tongued species (short-and intermediate short-tongued) (von Hagen and Aichhorn 2014).
Heteropteran bug sampling
Heteropteran bug species richness and abundance was assessed once in June and once in August 2015. For sampling, a sweep net method was applied along defined transects approximately in the centre of each meadow. We conducted a total of 90 sweeps per meadow, separated in 3 9 30 sweeps. The net, consisting of a white heavy cloth, was approximately 70 cm long with an opening diameter of 40 cm, mounted on a stick of 1 m length. In the laboratory, identification of species was performed using a stereo microscope, with reference to Wagner (1952 Wagner ( , 1966 Wagner ( , 1967 and Strauss (2010) . For further analysis, species were classified into phytophagous and zoophagous trophic levels. Overwintering strategy was classified, differentiating heteropteran bugs overwintering as imagoes or eggs. All information regarding food preference and overwintering strategy was gathered from Wagner (1952 Wagner ( , 1966 Wagner ( , 1967 and Strauss (2010) .
Grasshopper sampling Grasshoppers (Orthoptera: Ensifera and Caelifera) were surveyed once in August 2015 during the peak of almost all of the species' populations (Marini et al. 2010) . Surveys were performed with recording devices (Olympus LS-12, Olympus Europa SE & CO. KG) to record sound production, which represents a suitable method for assessing species richness of grasshoppers within their environment (Chesmore and Ohya 2004; Lehmann et al. 2014) . The soundscape approach provides a time-effective field method for examining species richness, compared to conventional methods (Gardiner and Hill 2006; Buri et al. 2013) . A heterodyne bat detector was connected to the recorder as an ultrasonic microphone, in order to amplify grasshopper sounds (Batbox III D, Batbox Ltd. Steyning, UK). The frequency range of the heterodyne bat detector was adjusted to a frequency of 27 kHz with a bandwidth of 16 kHz. The recorders and the bat detectors were placed in the centre of each study site at a height of 80 cm. Sampling was carried out during dry weather conditions, sunshine, temperatures above 20°C and no more than slight wind. The recording time lasted from 10 a.m. to 5 p.m., leading to a total recording time of 7 h per day. We identified species by listening to the records in the laboratory using acoustic comparison material from the field and archives (e.g. Roesti and Keist 2009) . For further analysis, grasshoppers were subdivided into the suborders Ensifera and Caelifera in accordance with Baur et al. (2006b) .
Plant parameters
To assess the influence of several plant parameters on bumblebees, bugs and grasshoppers, we investigated plant species richness, vegetation cover and flower cover in four randomly chosen 1 m 2 study plots in the centre of each meadow in June and August 2015. A frame of 1 m 2 size (1 9 1 m) was placed on the ground with the edges parallel to the hill slope (Karrer 2015) , and each plant species within the 1 m 2 study plot was identified to species level. Vegetation cover in percent, including both necromass and living biomass, and proportion of open ground (bare soil, rocks) were estimated within the 1 m 2 frame. Proportion of flower cover was also assessed within the 1 m 2 frame. Individual plant species were subdivided into plants with open and hidden nectar flowers, since this is an important factor for bumblebees in relation to their tongue length.
Statistical analysis
We checked the data for normal distribution graphically by creating QQ-plots, and statistically using Shapiro-test. We tested for homogeneity of variances (homoscedasticity) using Bartlett-test. In order to assess the effects of the two habitat types-managed and abandoned meadows-on species richness and abundance of bumblebees, heteropteran bugs and grasshoppers, we calculated GLMs with a Poisson distribution, with management and region as explanatory variables (fixed factors). We tested data for overand under dispersion by applying the function dispersion.test() in R (R-package "AER" 1.2-4, Kleiber et al. 2015) . Many of the datasets were overor under dispersed, which we corrected by specifying quasi-poisson errors (Crawley 2013) . We also used GLMs to analyse differences between managed and abandoned meadows regarding trophic levels and overwintering strategy types of heteropteran bugs, tongue length of bumblebees, suborders of grasshoppers, effects of plant parameters (plant species richness, vegetation cover, flower cover, plants with hidden and open nectar flowers) and surrounding landscape structures on the three insect groups. After assessing possible correlations between plant parameters, we found it appropriate to test plant parameters separately, since plant parameters were highly correlated and could not be used in a single GLM model. To test for significant associations of any individual bumblebee, heteropteran bug and grasshopper species with managed or abandoned meadows, we calculated the point-biserial correlation coefficient r pb for each species (Anjum-Zubair et al. 2015) . To investigate associations of bumblebee, heteropteran bug and grasshopper species with study sites, we computed the strength and significance of the association using the R-functions strassoc() and signassoc() in R (Rpackage "indicspecies" 1.7.5, De Cáceres and Jansen 2015). We assessed the significance of the associations with two-sided permutation tests, and calculated confidence intervals by bootstrapping data 999 times with replacement, following Anjum-Zubair et al. (2015) .
To assess differences in species assemblages of bumblebees, heteropteran bugs and grasshoppers between managed and abandoned meadows, we conducted a principal coordinate analysis (PCO) based on a resemblance matrix of Bray-Curtis similarity measures. We computed a permutational ANOVA (PERMANOVA) to test for significant differences in species assemblages between managed and abandoned meadows. As with the univariate analysis, we included region as a fixed factor.
Residuals were permuted 9999 times under a reduced model. In order to exclude the factors that did not differ in their dispersion, we conducted the PERM-DISP-routine in analogy to a homogeneity test before applying an ANOVA. The test was performed on the basis of distances to the centroid with 9999 permutations. P-values were obtained by using permutation of residuals.
In addition, we conducted the SIMPER-routine (similarity percentages) to analyse the role of individual species in contributing to the differences between managed and abandoned meadows.
We conducted PCO, PERMANOVA, PERMDISP and SIMPER routines using the software Primer, version 6.1.13 with PERMANOVA + (PRIMER-E Ltd., Plymouth, UK). All other statistical tests were performed in R-Studio, version 3.1.3 (R Core Team 2015).
Results
Bumblebees
We recorded a total of 83 bumblebee individuals (Bombus sp.) of 14 species (Online Appendix  Table 1 ). Fifty-seven individuals, belonging to 13 species, were identified in managed meadows, and 26 individuals belonging to 9 species were identified in abandoned meadows. One of the total 14 species was a cuckoo bumblebee (Bombus [Psithyrus] sp.). Seven of the 14 species were classified as long-tongued and 7 as short-tongued.
Total species richness of bumblebees was significantly higher in managed meadows compared to abandoned meadows (Table 1 ; Fig. 2a) . Similarly, total number of individuals was also higher in managed meadows (Table 1 ; Fig. 2b ). There was no effect of management on long-tongued and short-tongued species, nor on long-tongued and short-tongued individuals. Total number of individuals and number of individuals of short-tongued species differed significantly between regions (Table 1 ). Both flower cover and plant richness had a significant influence on total bumblebee species richness (Table 1) . Bumblebee species richness increased with increasing flower cover and plant species richness (Table 1) . Long-tongued species increased with increasing plant richness, number of short-tongued individuals increased with increasing flower cover (Table 1) . No association was found between bumblebees and vegetation cover. Plants with open nectar flowers had a significant positive influence on total number of individuals, short-tongued bumblebee species and individuals (Table 1) . A positive association was detected between plants with hidden nectar flowers, total species richness of bumblebees and species richness of long-tongued bumblebees (Table 1) .
Neither percentage of open landscape nor forest area had an influence on bumblebees. Results of the point-biserial correlation did not indicate an association of any individual bumblebee species with either managed or abandoned meadows.
The graphical representation of species assemblages in the principal coordinate analysis (PCO) showed no clear separation of species assemblages between managed and abandoned meadows (PER-MANOVA, main-test: p = 0.1196, Table 2 ). Both axes (PCO 1 and PCO 2) of the PCO explained 56% of the total variance (Fig. 3) .
SIMPER-analysis showed that the average BrayCurtis similarity in managed meadows was 25.02, where the five species B. lucorum, B. terrestris, B. lapidarius, B. hortorum and B. humilis explained 88.36% of the similarity. The average Bray-Curtis similarity in abandoned meadows was 6.37, due to the three species B. lapidarius, B. pascuorum and B. humilis, which explained 91.27% of the similarity. An average dissimilarity of 87.11 was detected between managed and abandoned meadows, where 78.91% of the dissimilarity was explained by the six species B. lucorum, B. lapidarius, B. hortorum, B. terrestris, B. mucidus and B. humilis.
Heteropteran bugs
We collected a total of 390 individuals comprising 35 bug species (Online Appendix Table 2 ). 187 individuals belonging to 21 species were found in managed meadows and 203 individuals belonging to 29 species were found in abandoned meadows. The majority of collected bugs were phytophagous, only three individuals belonging to three species were zoophagous. Regarding overwintering strategy, 28 of the bug species overwinter as imagoes and 9 species overwinter as eggs.
No significant effects of management could be detected for total species richness and total number of Landscape Ecol (2017 Ecol ( ) 32:1937 Ecol ( -1951 Ecol ( 1943 individuals, number of phytophagous species/individuals or number of species/individuals overwintering as eggs (Table 1) . However, higher numbers of both species and individuals that overwinter as imagoes were found in abandoned meadows. The total number of individuals as well as the number of phytophagous individuals, and the number of individuals overwintering as imagoes differed between regions (Table 1) . No significant influence of vegetation cover on bug parameters could be detected. Total species richness of heteropteran bugs, richness of phytophagous species and number of species and individuals overwintering as imagoes decreased with increasing flower cover and plant species richness (Table 1 ). There was evidence that proportion of surrounding open landscape increased total species richness, total number of individuals, phytophagous species and number of phytophagous individuals (Table 1) . Proportion of forest cover had a significant negative influence on total number of species and richness of phytophagous species (Table 1) . Bug species assemblages differed significantly between managed and abandoned meadows. In the PCO (Fig. 4) , and confirmed by PERMANOVA analysis, both assemblages were clearly separated (PERMANOVA, main-test: p = 0.0107, Table 2 ). Both axes of the PCO (PCO 1 and PCO 2) explained 46.8% of the total variation. The average Bray-Curtis similarity in managed meadows according to the SIMPERroutine was 18.68, where the four species Leptopterna dolabrata, Plagiognathus chrysanthemi, Carpocoris purpureipennis and Hadrodemus m-flavum explained 90.43% of the similarity. An average Bray-Curtis similarity of 17.32 was observed in abandoned meadows, where Myrmus miriformis, Stenodema holsata and Carpocoris purpureipennis explained 76% of the similarity. An average dissimilarity of 88.4 was detected between managed and abandoned sites. Sixty-seven percent of the dissimilarity was explained by 10 species (Leptopterna dolabrata, Myrmus miriformis, Stenodema holsata, Stenodema sericans, Plagiognathus crysanthemi, Carpocoris purpureipennis, Spilostethus saxatilis, Hadrodemus m-flavum, Dolycoris baccarum, Stenodema calcarata). The point-biserial correlation coefficient r pb clearly indicated a significant positive association of Myrmus miriformis (r pb association index: 0.54, lower and upper confidence intervals: 0.33 and 0.88, respectively) with abandoned meadows. None of the other species revealed associations with either managed or abandoned meadows.
Grasshoppers
A total of 17 species of grasshoppers were recorded in managed and abandoned meadows (Online Appendix  Table 3 ). Fifteen species were detected in managed meadows and 14 species in abandoned meadows. Due to the method of assessing grasshopper diversity with soundscapes, no data on numbers of individuals was available. Six species belonged to the Ensifera and eleven species belonged to the Caelifera. 1937-1951 1945 There were no significant effects of management on total species richness and no difference in grasshopper parameters between regions. Vegetation cover, flower cover and the proportion of open landscape and forest cover did not significantly influence total grasshopper species richness. Caelifera and Ensifera did not differ significantly between managed and abandoned meadows. Increasing vegetation cover significantly decreased the number of Caelifera, proportion of surrounding forest cover had a significant positive effect on Caelifera, and increasing vegetation cover had a significant positive effect on Ensifera (Table 1) .
Grasshopper species assemblages differed significantly between managed and abandoned meadows. In the PCO (Fig. 5) , and further confirmed by PERMA-NOVA analysis, both assemblages were clearly separated (PERMANOVA, main-test: p = 0.001, Table 2 ). Both axes of the PCO (PCO 1 and PCO 2) explained 77.4% of total variation. The average BrayCurtis similarity in abandoned meadows according to the SIMPER-routine was 55.8, where five species (Pseudochorthippus parallelus, Roeseliana roeselii, Euthystira brachyptera, Gomphocerippus rufus, Pholidoptera griseoaptera) explained 81% of the similarity.
An average Bray-Curtis similarity of 58.5 was observed in managed meadows made up by Stenobothrus lineatus, Chorthippus biguttulus and Pseudochor thippus parallelus which explained 74% of the similarity in managed meadows.
An average dissimilarity of 54.6 was detected between managed and abandoned sites where 68.9% was explained by eight species (Stenobothrus lineatus, Gomphocerippus rufus, Pholidoptera griseoaptera, Chorthippus biguttulus, Tettigonia cantans, Metrioptera brachyptera, Euthystira brachyptera, Roeseliana roeselii). The point-biserial correlation coefficient r pb clearly indicated a significant positive association of Stenobothrus lineatus with managed meadows (r pb association index: 0.89, lower and upper confidence intervals: 0.67 and 1, respectively). None of the other species revealed associations with either managed or abandoned meadows.
Vegetation parameters and landscape structure
Plant species richness and flower cover were significantly higher in managed than in abandoned meadows (ANOVA, F = 16.31; p \ 0.001 and F = 34.3; 
Discussion
Response of bumblebees to land-use change Of the 47 bumblebee species occurring in Austria, Germany and Switzerland (Gokcezade et al. 2015) , a third of the species could be recorded within the three study regions. Four species (B. lucorum, B. humilis, B. lapidarius, B. hortorum) comprised more than 60% of the total observations. A high abundance of few species has also been shown elsewhere (Dramstad and Fry 1995) . Extensively managed meadows revealed a higher bumblebee species richness and abundance than abandoned meadows-as was expected by hypothesis 1. Loosing suitable foraging habitats and floral resources negatively affects bumblebees ). The present study indicates that abandonment has an adverse impact on bumblebee richness and abundance. Succession and a shift in the cover of dominant plant species (Pavlů et al. 2011) leads to a loss of floral resources. Both higher plant richness and flower cover in managed meadows increased bumblebee richness and abundance supporting the findings of other studies (Ebeling et al. 2008; Fründ et al. 2010) . In the present study, higher flower cover was associated with higher plant species richness, illustrating the importance of maintaining a high plant species richness and flower cover within grassland habitats to benefit bumblebee richness. In addition, the diverse, plant species rich managed meadows provide sufficient food supply throughout Landscape Ecol (2017 Ecol ( ) 32:1937 Ecol ( -1951 Ecol ( 1947 the almost entire flight season of the bumblebees. Another important point is that managed meadows offer higher amounts of plants with hidden nectar being particularly important for long-tongued bumblebee species. The result that short-tongued bumblebees responded positively to plants with open nectar flowers and long-tongued bumblebees responded positively to plants with hidden nectar flowers is in line with other studies (Dramstad and Fry 1995; Carvell et al. 2004; Goulson 2010) . The majority of bumblebee species observed use a very broad range of habitat types (von Hagen and Aichhorn 2014; Gokcezade et al. 2015) , which might explain the lack of difference between the bumblebee species assemblages of managed and abandoned meadows. An abandoned meadow generally undergoes different stages of succession, but some stages may remain stable for decades (Maag et al. 2001 ) and provide at least a certain amount of floral resources. Due to the high mobility of bumblebees (e.g. Darvill et al. 2004; Osborne et al. 2008) it is very likely that a high species turnover between managed and abandoned meadows occurred in this study since both meadow types were located within the action radius of the recorded bumblebees (e.g. Westphal et al. 2006 ).
Response of bugs to land-use change
The total number of heteropteran bugs was dominated by only a few species, of which Leptopterna dolobrata comprised more than 39% of the total observations. Hypothesis 1 could not be confirmed for total heteropteran bug species and abundance, but was confirmed for species and individuals overwintering as imagoes. Numbers of bug species and individuals overwintering as imagoes benefitted from the altered environmental conditions in the abandoned meadows. Since many bugs overwintering as imagoes are known to hibernate beneath the litter layer near their host plants (e.g. Rabitsch 2007), it can be assumed that the higher vegetation cover in abandoned meadows provides better protection against environmental influences such as high solar radiation and against dehydration and is therefore a preferred overwintering habitat.
The negative relationship between heteropteran bug species and flower frequency as well as plant richness was rather surprising as it contradicts available literature (e.g. Brändle et al. 2001; Frank and Künzle 2006; Zurbrügg and Frank 2006) . Many phytophagous bug species are monophagous or oligophagous and thus require distinct plant species for their development. For example, Leptopterna dolobrata, the most abundant oligophagous species in the present study, feeds on tall grasses like Phleum, Alopecurus, Holcus and Dactylis (Wachmann et al. 2004) . The restriction to a single plant species or only several distinct plant species might explain why higher plant species richness does not further increase phytophagous bug species richness. Since species overwintering as imagoes-which were negatively related to plant species richness-hibernate near their host plants, they will not benefit from increasing plant species richness. The positive relationship between bug species and surrounding open landscape may be explained by the fact that open land bugs can use surrounding meadows as retention sites during mowing of the extensive meadows.
Higher vegetation cover, above ground biomass and necromass in the studied abandoned meadows (Karrer 2015) most likely affect microclimatic conditions. Differences in microclimatic conditions are known to influence bugs (Di Giulio et al. 2001; Stoutjesdijk and Barkman 2014) , which probably contributed to the significantly different bug assemblages observed between managed and abandoned meadows. For example, Myrmus miriformis, a character species for abandoned meadows in the present study, inhabits a wide range of habitats with the exception of xerothermic habitats (Wachmann et al. 2007) . Higher above-ground biomass and necromass in abandoned meadows likely decrease temperature which makes this habitat type more suitable for M. myriformis. This suggests that microclimate has an important influence on the occurrence of this species, which could explain its almost exclusive occurrence in the abandoned meadows.
Response of grasshoppers to land use change Vegetation cover, which was significantly higher in abandoned meadows, affected grasshoppers, in that Caelifera declined with increasing vegetation cover whereas Ensifera responded positively to increased vegetation cover. Several species of both suborders were restricted to either managed or abandoned meadows. Especially, Stenobothrus lineatus requires short vegetation and a certain amount of open soil (Behrens and Fartmann 2004) . S. lineatus was a character species for managed meadows in the present study, and probably required regular mowing for its development and maintenance of viable populations ). Maintenance of management was particularly important for species such as Psophus stridulus, Omocestus rufipes and Decticus verrucivorus, which are listed in the Red List of Austrian Orthoptera (Berg et al. 2005) . These species show similar requirements to their habitat and, with the exception P.stridulus, occurred exclusively in managed meadows. Males of P. stridulus require at least some amount of dense vegetation (Hemp and Hemp 2003) , which may explain its occurrence in abandoned meadows. Several Ensifera such as Tettigonia cantans, Metrioptera brachyptera and Pholidoptera aptera showed a particular preference for the abandoned meadows. These species require well-structured habitat types with a certain amount of shrubs and dense vegetation (Baur et al. 2006b ), and mown meadows generally seem to be particularly unsuitable habitats for most Ensifera (e.g. Braschler et al. 2009 ). The positive response of Caelifera to surrounding forest cover must not be over-interpreted because Caelifera inhabiting open land would not select forest as suitable habitat. Only forest glades might be a suitable habitat for some species such as Omocestus rufipes (Baur et al. 2006b) . It can be possible that forest edges act as refuge for Caelifera during mowing or are used as additional food resource.
The different species assemblages in managed and abandoned meadows are due to different habitat conditions. Thus, abandoned and managed meadows represent suitable habitats for distinct grasshopper species assemblages, and managed meadows proved particularly important for the conservation of three detected endangered species. Our results indicate that managed as well as abandoned meadows are crucial for maintaining grasshoppers in mountain grassland, as both promote distinct, co-existing species assemblages.
Conclusion
Whereas abandonment has often been shown to adversely affect arthropod diversity (e.g. Marini et al. 2009; Uchida and Ushimaru 2014) , the present study showed that abandoned meadows that have not yet regrown with forest can provide valuable habitat for heteropteran bugs and grasshoppers. Thus, the occurrence of both managed and abandoned meadows may support the establishment of unique species assemblages, increasing the diversity of heteropteran bugs and grasshoppers across Central European mountain grassland. However, management schemes should aim at regularly removing shrubs and woody plants to prevent the establishment of closed forests on abandoned meadows, which in turn would be detrimental for many open land species. For the conservation of bumblebee diversity, annual mowing is an important management measure to maintain sufficient foraging sources in the long term. In conclusion, regarding conservation of the three insect groups investigated in mountain regions, we recommend that management measures should aim at preserving a heterogeneously structured landscape containing managed as well as abandoned meadows.
